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ATRAUMATIC ANCHORING AND DISENGAGEMENT MECHANISM
FOR PERMANENT IMPLANT DEVICE

Cross Reference to Related Application

5 This application is a continuation-in-part of
Application Serial No. 08/942,531, filed October 2, 1997,
which in turn is a continuation-in-part of Application

Serial No. 08/757,827, filed November 27, 1996.

10 Technical Field
The present invention relates to improved thrombosis

filters. More particularly, the invention relates to a
thrombosis filter that can be percutaneously installed in
a selected body lumen at a selected location in the

15 vascular system and is adapted for trapping thrombosis
materials or blood clots. Still more particularly, the
invention relates to a thrombosis filter that can be
percutaneously removed from the vascular system from a
single direction.

20

Background of the Invention

Pulmonary embolism is a recognized medical
emergency, and may be caused by venous thrombosis. The
venous thrombosis may be caused by blood flow retention,

25 venous intima damage, or coagulation abnormalities.
Recognized treatments include administration of anti-
coagulant medication therapy, thrombolytic therapy,

thrombectomy, and inferior vena cava thrombosis filtering
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procedures. When an inferior wvena cava thrombosis
filtering procedure is selected, it can be accémplished
using either a laparotomy procedure under general
anesthesia, or percutaneously inserting a thrombosis

5 filter under local anesthetic. A laparotomy procedure is
a surgical procedure done under general anesthesia, and
is susceptible to thrombosis formation due to
discontinuance of anti-coagulant therapy prior to such
surgery.

10 A recognized option is to intravenously insert a
thrombosis filter in the vascular system, and in
particular into the inferior wvena cava, which requires
only a local anesthetic. Percutaneous filter insertion
has been recognized as an effecateous procedure since

15 only a local anesthetic 1is required; however, such
thrombosis filters have been recognized to become affixed
to the inner vena cava wall or vein wall by neointimal
hyperplasia within a relatively short time after
implantation. This process can occur within two or three

20 weeks, and in prior art filter arrangements renders the
filter unremovable by a single percutaneous process
without incurring significant vessel trauma.

There are a number of thrombosis filters which have
been developed with the intent of allowing percutaneous

25 removal. Those prior art thrombosis filters that include

substantially linear struts tend to distribute forces
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along the longitudinal axis of the struts. With the

struts deployed ouﬁwardly to engage the wallé of the

lumen, asymmetrical compression of the lumen can cause

the struts to be forced together in a manner that causes
5 the struts to do damage to the lumen wall.

As indicated, there are a number of prior art
implantable filters. One example is the filter disclosed
in U.S. Patent No. 4,817,600 issued to James Kay Herms,
et al., which describes a set of shaped leg portions that

10 are joined at one end and are arranged at an acute angle
to the axis of the filter, and form a generally conical
arrangement. The shaped legs include hooks at the
extremity for hooking into the vein wall and holding the
filter in position against the flow of blood within the

15 lumen. Herms, et al. provided for an improved leg
structure that would avoid some of the concerns of the
filters that used relatively straight struts, and
minimized the damage that could occur to the vessel or
lumen arising from tipping or tilting of the filter. It

20 did not, however, describe a structure or method for
percutaneously removing the filter.

U.S. Patent No. 4,990,156 to J. Lefebvre describes
a filter that may be percutaneously inserted for
temporary use in determining whether or not a more

25 permanent filtering treatment is necessary. The device

describes a non-aggressive contact of the filter elements
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with the vessel and describes a number of elements that
each have sharpened énd roughened portions conta.cting the
vessel wall and holding the filter in position. A sheath
is provided to allow removal should the filter not be

5 required for permanent usage. Once deployed, the filter
is positioned for definitive use and may not thereafter
be readily removed.

U.S. Patent No. 5,324,304 issued to Erik Rasmussen,
describes another form of implantable filter that is

10 self-expandable and can be inserted through use of a
catheter which encloses the structure. \;I‘he anchoring
legs are designed to have hooks at the ends for engaging
the wall of the vein once deployed. The anchoring
elements form part of the filtering structure, and once

15 placed would tend to hook firmly into the vein walls. No
structure or method is described for percutaneous
removal.

U.s. Patent No. 5,370,657 to Toshiyuki Irie
describes a recoverable thrombosis filter having a

20 structure wherein the holding mechanism and the filtering
mechanism is comprised of a number of opposed elements
that are held in place by an intermediate tension member.
It recognizes that removal may be desirable, and has
described a series of shaped end portions that cooperate

25 with the wall of the vessel, without piercing it deeply.

For removal, it is necessary that dual percutaneous
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procedures be worked from opposite ends of the filter.
A pair of hooking dévices are engaged from the'opposite
ends, and the two halves of the filter are stretched
apart until the connecting tension member breaks. While
S the two halves of the filter are drawn within a pair of
sheaths for withdrawal, this removal procedure requires
that two opposed removal structures be administered to
the opposite ends of thé filter, and that manipulation of
the two removal devices be coordinated to grasp the

10 opposed hooking elements such that the filter can be
broken in half and withdrawn. This removal process
doubles the risk to the patient, and due to the small
size of the elements, is relatively difficult to
accomplish.

15 The foregoin\g described prior art is illustrative of
various types of filter structures and handling devices
that are known for use in placing and removing thrombosis
filters. The prior art structures do not describe filter
structures that are readily removable utilizing a single

20 percutaneous removal procedure.

To address the deficiencies in the prior art, the
present invention was developed to provide an improved
recoverable thrombosis filter that can be removed through

a percutaneous procedure even after having been in place

25 for such time as to have had neointimal hyperplasia to
have fully developed. Through the use of a unique
5
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holding structure and a filtering portion of the
thrombosis filter, t;.he filter is structured such that the
holding portion can be collapsed from one end through
external manipulation and the entire filter drawn within

5 an enclosing structure for removal. These and other more
detailed specific objectives of the invention will become
apparent to those skilled in the art from consideration
of the drawings and the description of the preferred
embodiments.

10
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Summary of the Invention

The present invention comprises a reéoverable
thrombosis filter that is recoverable by a single
recovery procedure. It includes a plurality of

5 thrombosis filtering elements that are shaped in a

predetermined manner and which are joined at one end and

are deployed about a 1longitudinal axis to form a

generally conical structure. The filtering elements

include shaped ends for engaging an inner lumen wall. A

10 plurality of positioning struts are joined at one end and

are deployed in an opposite direction around the

longitudinal axis. The positioning struts include wall

engaging ends that include projections for engaging the

inner wall of the lumen to prevent motion of the filter

15 structure in the direction of deployment of the

positioning struts. The anchoring device of the present

application can be used with other devices such as

stents, stent grafts, vaso-occlusive particles, vascular
closure devices, filters and the like.

20 A recovery mechanism including retracting structure

is percutaneously inserted to the vicinity of the filter.

The recovery mechanism includes an extensible gripping

device, an actuating device, and an outer shield capable

of enclosing the filter. The gripping device is

25 manipulated to engage a portion of the retracting

structure so that the filter can be held in position.
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The activating device of the recovery mechanism operates
to collapse the plﬁrality of positioning strﬁts to a
position where they can be withdrawn by the gripping
device into the outer shield. While the outer shield is

5 held firmly in position, the gripping device is further
withdrawn and the plurality of thrombosis filtering
structures are withdrawn into the shield.

In one embodiment of the removable structure for the
thrombosis filter, a retracting mechanism, in combination

10 with the recovery wmechanism, causes the plurality of
positioning struts to be withdrawn from contact with the
inner lumen wall and to be deflected into a substantially
parallel relationship with the struts arranged
longitudinally in the direction of their original

15 deployment.

In another embodiment, the recovery mechanism
engages the removable thrombosis filter and holds it in
place while the plurality of positioning struts are moved
in the direction opposite of their original deployment

20 and are forced into a generally parallel alignment along
the longitudinal axis directed toward the direction of
deployment of the filtering elements. Once deflected,
the outer shield is held in place and the filter is drawn
within the outer shield.

25 The present invention is thus an improved removable

thrombosis filter and method for removal allowing
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percutaneous removal by a recovery mechanism engaging one
end of the filter. 'Additional features of theAinvention
and the advantages derived therefrom, and the various
scopes and aspects ©f the invention will become apparent

5 from the drawings, the description of the preferred

embodiments of the invention, and the claims.

Brief Description of the Drawings

Fig. 1 is a fragmentary section through a human body
10 from left to right and illustrates a medical procedure of
installing the thrombosis filter in the inferior vena
cava and removal of the filter by percutaneously entering
the venous system at the jugular vein and withdrawing the
filter;
15 Fig. 2 is a side cutaway view of a filter in a
relaxed position;
Fig. 3 is a partial perspective view of the vein
engaging end of a filter leg member;
Fig. 4 is a side view of a ribbon wire leg member;
20 Fig. 5 is a cross-sectional view taken at line 5-5
in Fig. 4;
Fig. 6 is a side view of a round leg member;
Fig. 7 is a cross-sectional view taken at line 7-7
in Fig. 6;
25 Fig. 8 is a plan view of a serpentine shaped leg

member ;
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Fig. 9 is a plan view of a spiral shaped leg member;

Fig. 10 is a paftial perspective view takeh at line
10-10 in Fig. 9;

Fig. 11 is a side cutaway view of a filter

5 positioned in a lumen about to be engaged for removal;

Fig. 12 is a side cutaway view of a filter
positioned in a lumen having a positioning portion
collapsed for removal;

Fig. 13 is a side cutaway view of a filter

10 positioned in a lumen having the positioning portion

enclosed within a recovery mechanism;

Fig. 14 1is a side cutaway view of a filter
positioned within a lumen having the entire filter
enclosed within a recovery mechanism and ready for

15 removal;

Fig. 15 is a side cutaway view of another embodiment

of a filter in a relaxed position;

Fig. 16 is an end view of a joining member taken at
line 16-16 in Fig. 15;

20 Fig. 17 is an end view of a joining member taken at

line 17-17 in Fig. 15;

Fig. 18 is a side cutaway view of yet another
embodiment of a filter in a relaxed position;

Fig. 19 is a side cutaway of the filter of Fig. 18

25 positioned in a lumen;

10
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Fig. 20 is a side cutaway of the filter
engaged for removal;

Fig. 21 is a side cutaway of the filter
with the positioning portion enclosed within

S mechanism; Figs. 22A-22E illustrate the

PCT/US97/22163

of Fig. 18

of Fig. 18

a recovery

deflection

and retraction of a flexible anchor member of the type

used with the filter of Fig. 18;

Fig. 23 is side view of yet another embodiment of

the recoverable filter in accordance with the pxresent

10 invention;

Fig. 24 is a detailed view of the distal end of an

anchoring strut of the filter of Fig. 23;

Fig. 25 is a side view of the recoverable filter of

Fig. 23 disposed in a vessel lumen;

15 Fig. 26 is a detailed view of the distal end of an

anchoring strut as shown in Fig. 25;

Fig. 27 is a side view of a recoverable filter of

Fig. 23 shown in a vessel lumen during the process of

removing the filter from the vessel lumen;

20 Fig. 28 is a detailed view of the distal end of an

anchoring strut shown in Fig. 27;

Fig. 29 is a side view of yet another embodiment of

a recoverable filter in accordance with the present

invention;

25 Fig. 30 is an end view of the filter of

11
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Fig. 31 is a view of the filter of Fig. 29 and a
removal catheter; |
Fig. 32 is a view of the filter of Fig. 29 in an
early stage of the removal process;
5 Fig. 33 is a view of the filter of Fig. 29 in a
stage of the removal process subsequent to that shown in
Fig. 32;
Fig. 34 is a view of the filter of Fig. 29 in a
stage of the removal process subsequent to that shown in
10 Fig. 33; and
Fig. 35 is a view of the filter of Fig. 29 shown

withdrawn into the removal catheter.

Detailed Description of the Preferred Embodiments

15 Fig. 1 is a fragmentary section through a human body
from left to right and illustrates a medical procedure of
installing the thrombosis filter in the inferior wvena
cava and removal of the filter by percutaneously entering
the venous system at the jugular vein and withdrawing the

20 filter. This illustrates the body 10 with a cutaway
portion 12 that exposes a portion of the vascular system.
The femoral vein 14 leads to the external iliac vein 16.
The common iliac vein 18 leads to the inferior vena cava
20. As illustrated at the cutaway section 22, a filter

25 24 is dispefsed within the inferior vena cava and is held

in place by the structure that will be described. BAs

12
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shown, a catheter tube is inserted at incision 28 into
the venous system.. As it extends toward heaft 30, it
reaches the inferior vena cava 20 and the filter 24 is
deployed. The distal end 22 of the catheter structure 26

5 is shown after deployment of the filter 24. For
withdrawal or removal of filter 24, a\recovery mechanism
(36) is inserted in the jugular vein 38 at incision 40
and passes through an atrium of heart 30 until its distal
end 42 enters the inferior vena cava 20. The recovery

10 mechanism is not shown in detail in this figure, but will
be described in detail below.

Fig. 2 1s a side cutaway view of a filter in a
relaxed position. The filter 44 has a plurality of
shaped filtering elements 46, each having a mounting end

15 48 and a wall engaging end 50. Projections 52 have a
length sufficient to engage an associated vein wall (not
shown) while being short enough so the vein will not be
pierced.

Connecting structure 54 has a frustum shaped end 56

20 that fixedly attaches the mounting ends 48. Structure 54
defines a longitudinal cavity 58 within which mounting
member 60 is slidably retained.

A plurality of flexible anchoring struts 62 are
mounted on mounting member 60 and project outwardly to

25 wall engaging surfaces 64. Projections 66 function to

position and hold the filter 44 in position when engaged

13
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to an inner vein wall. A hooking element 68 is affixed

to mandrel 70. An ehd 72 of mandrel 70 is affixéd within

the connecting structure 56. A tubular member 74 has one

end affixed to a pushing structure 76 and a second end 78

5 mounted in the mounting member 60. - Tubing 74 surrounds
a mandrel 70 and is coaxially aligned therewith.

In the relaxed state, the length L1 from projection

52 to projection 66 is in the order of 2.0 inches. The

length L2 of the joining member 54 is about 0.4 inch.

10 The tip-to-tip length L3 is in the order of 1.25 inches,

and the projection-to-projection distance L4 is in the

order of 1.2 inches. Various configurations and

geometries will be described below, it being understood

that when deployed, the filtering portion shown at dashed

15 line 78 will function to restrict the flow of blood clots

or thrombosis when blood is flowing in the direction of

arrows 80. At the same time, positioning and holding

portion 82 will restrict longitudinal and transverse

movement of the filter 44 within the associated lumen or

20 vein. Holding portion 82 preferably centers the device

within the lumen.
Fig. 3 is a partial perspective view of the vein
engaging end of a filter leg member. The end member 50

has a generally curved structure and is flattened to a

25 desired dimension such that the under surface 84 will
slidably engage an associated vein wall. The thickness
14
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is selected for the desired flexibility. An outward
projection 52 is arfanged for engaging the vein wall. A
similar configuration is utilized for the anchoring
elements.

5 Fig. 4 is a side view of a ribbon wire leg member.
The filter member 46 has the mounting end 48 positioned
at a predetermined angle to the longitudinal arrangement
of the member 46. At its other end, the curved portion
84 deflects in the opposite direction and has projection

10 52.

Fig. 5 is a cross-sectional view taken at line 5-5
in Fig. 4. In one configuration, the flat wire has a
thickness T1 of about 0.006 inch and a width W1 of about
0.026 inch. It 1is, of course, understood that

15 differences in thickness relative to width will effect
the flexibility of the element.

Fig. 6 is a side view of a round leg member. Again,
the leg member has a. deflection 48’ and has an upper
thickness T2 that can be in the order of 0.016 inch. The

20 lower portion has a reduced cross section with a
thickness T3 in the oxrder of about 0.006 inch.

Fig. 7 is a cross-sectional view taken at line 7-7
in Fig. 6. It illustrates the extent of deflection of
portion 48’.

25 Fig. 8 is a plan view of a serpentine shaped leg

member. As illustrated, serpentine section 86 is

15
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provided to yield an improved filtering function when
used in combination.with other filter members.
Fig. 9 is a plan view of a spiral shaped leg member.
In this alternative embodiment, a spiral portion 88 is
5 utilized to enhance the filtering operation.
Fig. 10 is a partial perspective view taken at line
10-10 in Fig. 9. It illustrates the spiral portion 88.
The design of serpentine portion 86 or spiral portion 88
will be selected in accordance with the number of the
10 filter elements used, the overall size of the filter 44,
the attributes of the lumen in which it will be
installed, and the flow of blood being filtered.
Fig. 11 is a side cutaway view of a filter
positioned in a lumen about to be engaged for removal.
15 It will be noted that the positioning portion 82 and the
filtering portion 78 have their respective members
deflected within the confines of vein 90. As deflected,
the curved engaging portions 50 are brought in contact
with the inner wall 90, as are contact portions 64 of the
20 positioning portion 82. This arrangement provides for
the vein walls 90 to provide adequate tension on the
positioning portion 82 and the filtering portion 78 to
cause the projections 52 and 66 to engage the inner wall
without piercing the inner wall.
25 A filter recovery mechanism 92 is inserted in the

direction of arrow 94 until a grasping mechanism 96 is

16

BNSDOCID: <WO___ 9823322A1_1_>



WO 98/23322 PCT/US97/22163
brought in proximity to hooking element 68. Snarxe 96 is
a looped coxd or wife that can be externally maﬁipulated
to engage mandrel 70 behind the hooking element 68. In'
one configuration, the hooking element 68 and the
5 grasping mechanism 96 can be constructed of materials
that can be tracked fluoroscopically.

Fig. 12 1is a side cutaway view of a filter
positioned in a lumen having the positioning portion
collapsed for removal. When the extensible gripping

10 device 96 engages members 68, it can be utilized to hold
member 68 in a relatively fixed longitudinal position.
When thus arranged, actuating device 98 is moved in the
direction of arrow 100 to engage element 76 to thereby
force tube 74 to move along mandrel 70 and cause the
15 positioning portion 82 to collapse. Mounting element 60
is moved within cavity 58 to effect the collapse, and
cause the positioning elements to be substantially

parallel aligned along the longitudinal axis.

Fig. 13 is a side cutaway view of a filter
20 positioned in a lumen having the positioning portion
enclosed within a recovery mechanism. Once the

positioning portion 82 has been collapsed, outer shield
102 is moved in the direction of arrow 104 while the
gripping device is held steady. When thus positioned,
25 the outer shield 102 is positioned ét end 106 to engage

the filtering elements 78.

17
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Fig. 14 is a side cutaway view of a filter
positioned within ‘a lumen having the entife filter
enclosed within a recovery mechanism and ready for
removal. Once the positioning ‘portion 82 is enclosed

5 within outer shield 102, pressure can be applied to the
gripping member 96 for moving the gripping member in the
direction of arrow 108. When thus moved, the outer
shield 102 is held firm and end 106 functions to collapse
filtering portion 78 such that it can be withdrawn within

10 the confines of outer shield 102. When fully withdrawn
within the recovery mechanism 92, the relatively stiff
portion of the recovery mechanism 92 has a length L5 of
about 2.77 inches.

Fig. 15 is a side cutaway view of another embodiment

15 of a filter in a relaxed position. Elements having
similar functions will have a similar reference numeral
designation. In this embodiment, filtering portion 78 is
mounted in mounting structure 110 enjoining member 54.
This configuration eliminates the frustum element 56 and

20 provides additional strength at this structure. A hook
112 replaces the button element 68. Pushing element 76
of Fig. 2 is replaced by a pushing frustum element 114.
This frustum configuration provides an improved blood
flow and minimizes turbulence. Further, it gives a

25 larger dimension along mandrel 70 such that there is

minimization of the tendency to tilt as it is being moved

18
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forward as previously described. In this embodiment,
dimensions L2, L3, énd L4 are similar to those aescribed
with regard to Fig. 2. The projection-to-projection
length L6 is in the order of 2.1 inches, while the tip-

5 to-tip length L7 is in the order of about 2.22 inches.
Finally, the over-all relaxed length of the filter is
designated L8, and is about 2.68 inches.

Fig. 16 is an end view of a joining member taken at
line 16-16 in Fig. 15. It illustrates the housing 54
10 mounting positioning elements 62, which number four in
this configuration, surrounding mandrel 70 which passes
therethrough. This figure is expanded and is not in

scale.
Fig. 17 is an end view of a joining member taken at
15 line 17-17 in Fig. 15. It illustrates the mounting
member 110 which is mounted in the connecting housing 54,
and shows six mounting ends 48 of the filtering members.
Mandrel 70 is affixed in the mounting membef 110. Again,
this figure is in a different scale to that of Fig. 15.
20 Fig. 18 is a side cutaway view of yet another
embodiment of a filter in a relaxed position. In this
embodiment, the mounting element 60 is fixedly mounted
within channel 58 substantially adjacent to mounting
member 110. The mounting ends 78 of positioning struts
25 62 are restrained by the outer limits of housing 54. A

hook 112 is fixedly mounted to mandrel 70 which in turn

19
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is secured in mounting element 110. In this embodiment,
housing 54 is shortér than the embodiment illusﬁrated in
FPig. 2, and has a length L9 of about 0.265 inch. The
overall length L10 from a projection-to-projection is in
5 the oxrder of 1.85 inches, and the length L1l from the end
of wmounting member 110 to the filtering portion 78
projections is in the order of 1.27 inches. The relaxed
spacing of the filtering portion L12 is in the order of
1.2 inches. The releasing and collapsing of the

10 anchoring elements 62 in this embodiment will be
described below.

Fig. 19 is a side cutaway of the filter of Fig. 18
positioned in a lumen. As shown, positioning portion 82
engages the inner vein wall 90, as does the filtering

15 portion 78. When thus contained, the diameter of the
lumen or vein L13 is in the order of 0.866 inch. When
installed, the overall length Ll14 is in the order of 2.25
inches, while the tip projection-to-projection length L15
is in the order of 2.11 inches.

20 Fig. 20 is a side cutaway of the filter of Fig. 18
engaged for removal. In this embodiment, a recovery
mechanism 120 has a gripping device 122 for engaging hook
112. When thus engaged, the gripping device can be held

firmly externally, and the outer shield 124 extended in

25 the direction of arrow 126 to engage the legs 62 of
positioning portion 82. Outer shield 24 can include a
20
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funnel shaped end to assist in directing the filter into
the recovery mechanism 120. |
Fig. 21 is a side cutaway of the filter of Fig. 18
with the positioning portion enclosed within a recovery
5 mechanism. As shown, the recovery mechanism 120 has had
the outer shield 124 moved farther in the direction of
arrow 126 such that positioning struts 62 have been bent
back upon themselves and are within outer shield 124. As
thus positioned, struts 62 are substantially parallel to
10 each other and aligned along the longitudinal axis of the
filter and the recovery mechanism 120. When the
positioning portion is thus collapsed and retracted, the
outer shield 124 is held stationary and the gripping
device 122 is moved in the direction of arrow 128 for
15 drawing the filtering portion 78 into outer shield 124.
When the filtering portion 78 is fully withdrawn within
outer shield 124, the recovery mechanism 120 can be
withdrawn from the body.
Figs. 22A-22E illustrate the deflection and
20 retraction of a flexible anchor member of the type used
with the filter of Fig. 18. In Fig. 22A, a flexible
anchor member 62 is in a holding position on the inner
wall of vein 90. As force is applied in the direction of
arrow 130 to the portion of flexible anchor member 62 by
25 the outer shield 124 (see, Fig. 21), the tip 64 and the

protrusion 66 are started in a direction to be released
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from the inner wall 90. In Fig. 22B, the force has been
applied at arrow iBO to start deflection of.flexible
anchor member 62. At this juncture, the protrusion 66
has been removed from inner wall 90 and the tip 64 has

5 started to slide along the inner wall. Anchor member 62
can have a predetermined region of greater flexibility to
control the location of the deflection caused by the

- force supplied at arrow 130.

In Fig. 22C, the force applied at arrow 130 has

10 deflected flexible anchor member 62 such that the end 64
is merely wmoving along the inner wall surface 90. In

Fig. 22D, there is an illustration that the force applied

in the direction of arrow 130 has proceeded to a point

where flexible anchor member 62 has started to bend back

15 upon itself, and the tip 64 is out of contact with the
inner wall of vein 90. Finally, in Fig. 22E, it is shown

that force applied in the direction of arrow 130 by the

outer shield 124 as bent flexible anchor member 62 back

upon itself, such that the outer shield can pass over it.

20 Fig. 23 is a side view of yet another embodiment of
a retrievable filter in accordance with the present
invention. The filter as shown in Fig. 23 is in a
relaxed, uncompressed state. The filter of Fig. 23 is
substantially similar to that of Figs. 15-22, except as

25 the description below may vary from that of the

embodiment of Fig. 15 described above.
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The filter of Fig. 23 includes a plurality of

filtering elements‘146 having wall engaging ends 150.

Wall engaging ends 150 as shown in this embodiment are

curved to present a rounded convex face to a vessel wall.

5 Collectively filtering elements 146 form a filter portion

or array 178. Disposed distally of filter array 178 are

a plurality of legs or anchoring struts 162. Anchoring

struts 162 have proximal and distal ends. A typical

distal end is shown in Fig. 24 in detail. The filter

10 also includes a hook 212 to aid in removal of the filter

from a vessel. An enjoining member 154 joins filter

array 178, struts 162 proximate their proximal ends and

hook 212 together. Struts 162 preferably are formed in

a ribbon shape, wherein the thickness of the ribbon is

15 shown in Fig. 23 and the width is perpendicular to the
thickness, i.e., directly into the paper.

Fig. 24 is a detailed view of the distal end of a

strut 162. The distal end includes a sharpened portion

166 and a pad portion 164 extending distally beyond

20 sharpened portion 164. Sharpened portion 164 is

sufficiently sharp to penetrate a vessel wall. Pad

portion 164 similarly to strut 162, preferably has a

ribbon shape wherein the thickness is shown in Fig. 24

and the width is perpendicular to the thickness, i.e.,

25 directly into the paper. As can be seen ih Fig. 24, the

thickness of pad portion 164 decreases distally. The
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decrease in pad thickness 164 can create an increase in
flexibility of pad~porthm1 164 distally. A similar
increase in flexibility distally along pad portion 164
can be created by varying the material characteristics of

5 pad 164. Pad portion 164 is preferably flexible enough
not to puncture the vessel wall, i.e., the pad portion
164 is preferably atraumatic. 1In a preferred embodiment
of the present invention, the length of sharp portion 164
is between about 2 to 6 millimeters and the length of pad
10 portion 162 is between about 4 to 20 millimeters. 1In a
preferred embodiment, pad portion 164 is more than twice
as long as sharp portion 164.

Figs. 25 and 26 show the filter of Fig. 23 disposed

in a vessel A during normal use. The direction of blood

15 flow is shown by arrows B. The removal of the filter
wouldlbe in the direction indicated by arrow C by way of
hook 212. Filter elements 146 are shown moderately
compressed in comparison to their relaxed state shown in
Fig. 23. As shown in Fig. 26, sharp portion 166 is

20 penetrating the wall of the vessel A and pad portion 164
is generally parallel to the wall of vessel A.

Figs. 27 and 28 show the filter of Fig. 23 in the
process of being removed from vessel A in the direction
indicated by arrow C. As the filter is withdrawn using

25 the same procedure as that of the filter of Fig. 15,

struts 162 will deform generally as shown in Figs. 22A-
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22E. Strut 162 as shown in Fig. 27 is in the approximate
position of strut -62 in Fig. 22B. As the process
continues, strut 162 will assume generally the position
shown in Fig. 22E. The ultimate removal of the filter

5 will be accomplished as described with respect to the
filter of Fig. 15 above.

Fig. 28 is a detailed view of the distal end of
strut 162 as shown in Fig. 27. Although the
configuration of strut 162 in Fig. 27 is similar to that

10 of strut 62 in Fig. 22B, it can be appreciated that the
length of pad portion 164 relative to sharpened portion
166 1is substantially greater than element 64 is to
element 66 of Fig. 22B, respectively. As can be
appreciated the increased 1length and increasing
15 flexibility of pad portion 164 distally provides an
effective cantilever for retracting sharp portion 166

from the wall of wvessel A.

Fig. 29 is a side view of yet another embodiment of

filter 200 in accordance with the present invention

20 disposed within a vessel A. Filter 200 has a
longitudinal axis D. Blood or fluid flow in vessel A is

shown in the direction indicated by arrows B. Filter 200
includes flexible struts 202 generally extending in the

first direction along axis D from a hub 204, while

25 diverging from axis D. A first end of strut 202 is
coupled to hub 204. Second end 206 of strut 202 is
25
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preferably sharpened and barbed to engage with the wall
of vessel A. |

Filter 200 also includes a strut retraction member
208. Strut retraction member 208 includes a plurality of

5 retraction loops 210 extending from retraction member hub
212 generally in the second direction along axis D. Each
of loops 210 preferably loops around a strut 202. A
tether connector 214 extends from hub 212 in the first
direction along axis D. A telescoping connector 216
10 connects hub 204 and retraction member hub 212.

Various elements of filter 200 such as strxruts 202 or
loops 210 may be formed from nitinol, stainless steel or
other biocompatible materials. One skilled in the art
would appreciate that the materials described above with

15 respect to the other filter embodiments could
advantageously be applied to construct the embodiment 200
as well.

Fig. 30 is an end view of filter 200 shown within
vessel A. 1In the illustrated embodiment of filter 200

20 there are six struts 202 and loops 210.

Fig. 31 is a side view of the filter of Fig. 29 to
which a tether 218 having a loop 220 is attached to
tether connector 214. Tether 218 is disposed within a
catheﬁer 222 having an outer tubular member 224 and an

25 inner tubular member 226. Assuming that, for example,

filter 220 is disposed in the inferior wvena cava,
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catheter 222 may be advanced to the filter from a femoral
vein access point. .Outer tube 224 and inner tube 226 are
preferably formed from biocompatible materials including
polymers known to those skilled in the art. The
5 materials must be of sufficient strength and rigidity or

flexibility to accomplish the procedure described below.

Fig. 32 is a side view of the filter of Fig. 29
wherein the retraction member 208 is being pulled in the
10 first direction such that loops 210 are advancing along
and engaging struts 202. Fig. 33 is a side view of
filter 200 of Fig. 29 wherein inner tube 226 of catheter
222 has been brought into engagement with loops 210. 1In
dashed lines, inner tube 226 is shown being advanced in
15 a second direction over loops 210 such that struts 202
are brought from a first position engaging the walls of
vessel A to a second position adjacent axis D of filter

200.
Fig. 34 is a side view of filter 200 shown in Fig.
20 29. In Fig. 34 struts 202 are shown disposed in the
second position. Second ends 206 of struts 202 have been

brought into contact with the distal end of inner tube

226.
Fig. 35 is a- side view of filter 200 of Fig. 29 in
25 which filter 200 has been withdrawn into outer tube 224
of catheter 222. Filter 200 could now be removed from
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the patient through outer tube 224, or filter 200 and

catheter 222 couldibe simultaneously removed-from the
patient.

It can be appreciated that performing the steps of

5 removal process in reverse would provide a method of

placing filter 200 in vessel A as shown in Fig. 29. 1In

a preferred method, however, hubs 204 and 212 would be

spaced as shown in Fig. 29 prior to placement of filter

200 in catheter 222. After deployment of filter 200, as

10 shown in Fig. 29, tether 218 and catheter 222 can be

removed from the patient such that filter 200 may remain

in place for an extended period of time. From the

foregoing, it is understood that various configurations

and selection of materials will provide suitable

15 removable filter structures that may be utilized in

conformance with the inventive concepts described herein.

In general, it is understood that the materials must be

suitable for implantation in a human body and will remain

intact without adding contaminants to the blood stream.

20 The selection of materials will also determine the

flexibility and resiliency of the various members. The

various components of the filter can be constructed of a

class of elastic materials including nitinol, stainless

steel, platinum, tungsten, titanium, and chromium alloys.

25 The shaping and bonding structures are those available in
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the construction of thrombosis filters of the class
described. | |

Having described the various embodiments and methods

of the invention in conjunction with the drawings, it can

5 be seen that the various stated purposes and objectives

have been achieved, and that various modifications and

extensions will be apparent to those skilled in the art

while remaining within the spirit and scope of the

invention. Accordingly, what is intended to be protected

10 by Letters Patent is set forth in the appended claims.
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What is claimed is:

An improved recoverable filter comprising:

§=

a. a plurality of thrombosis filtering means when
deployed in a first direction for retaining
thrombosis material moving in a second
direction;

b. a plurality of positioning means coupled to
said plurality of thrombosis filtering means,
said plurality of positioning means having an
associated plurality of wall engaging means
deployed in said second direction for engaging
an associated inner lumen wall and for
restricting movement in said second direction;
and

c. retracting means for retracting said plurality
of positioning means and said plurality of
thrombosis filtering means in response to
externally percutaneously applied controls for

allowing removal in said second direction.
2. A filter as in claim 1, wherein said retracting
means includes:

collapsing means for collapsing said plurality of

positioning means in said second direction.

30
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3. A filter as in claim 2, wherein said retracting

means further includes:

a. holding means for holding said plurality of
positioning means steady in a longitudinal
direction; and

b. forcing means for forcing said plurality of
positioning means into a substantially
parallel alignment with said plurality of
engaging means directed in said second

direction.

4. A filter as in claim 3, wherein said retracting
means further includes:

enclosing means for enclosing said plurality of
positioning means and said plurality of thrombosis

filtering means for removal in said second direction.

5. A filter as in claim 1, wherein said retracting
means includes:
deflection means for deflecting said plurality of

positioning means in said first direction.

6. A filter as in claim 5, wherein said retracting

means includes:
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a. holding means for holding said plurality of
positioning’ means steady in a longitudinal
direction; and

b.  bending means for bending said plurality of
positioning means into a substantially
parallel alignment with said plurality of
engaging means directed in said first

direction.

7. A filter as in claim 6, wherein said‘retracting
means further includes:

enclosing means for enclosing said plurality of
positioning means and said plurality of thrombosis

filtering means for removal in said second direction.

8. A method for recovering from a vein of a
patient an implanted filter of the type that includes a
filtering portion having a plurality of shaped filter
elements and a positioning portion having a plurality of
flexible anchor members that are deployed to engage an
inner vein wall, and a joining member fixedly joining the
filtering portion to the positioning portion, the joining-
membexr having a fastening device, the method comprising
the steps of:

a. percutaneously inserting a recovery mechanism

having an extensible gripping device, an
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actuating device, and an outer shield capable
of enclosing the filter, the insertion being
in the vein leading to the implanted filter;

b. advancing the recovery mechanism to the
vicinity of the fastening device;

c. externally manipulating the fastening device
for coupling the gripping device to the
fastening device and holding it in position;

d. extending the actuating device and collapsing

the plurality of flexible anchor members;

e. withdrawing the filter into the outer shield;
and
f. removing the recovery wmechanism and the

enclosed filter from the vein.

9. The method of claim 8, wherein the step of
collapsing the plurality of flexible anchor members
includes the steps of:

a. advancing the actuating device into contact
with predetermined portions of each of the
plurality of flexible anchor members; and

b. applying pressure to the actuating device to
therebyvimpart pressure on said plurality of
flexible anchor members to cause them to
disengage from the inner wall of the vein and

to fold back upon themselves in the direction
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of the plurality of shaped filter elements
sufficiently to allow the outer shieid to pass
over the collapsed plurality of flexible

anchor members.

10. The method of claim 9, wherein the step of

withdrawing the filter into the outer shield includes the

steps of:
a. contacting the plurality of shaped filter
elements with the outer shield;
b. holding the outer shield in position; and
c. retracting the fastening device such that the

plurality of shaped filter elements are
withdrawn from contact with the inner vein
wall and are forced into a deflected
relationship whereby the outer shield can pass
over them as the filter is withdrawn into the

outer shield.

11. The method of claim 8, wherein the step of
collapsing the plurality of flexible anchor members
includes the steps of:

a. advancing the actuating device into contact

with the joining member while holding the

fastening device in position; and
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b. applying pressure on the actuating device and
the joiﬁing member to thereby céuse the
joining member to impart disengaging pressure
on the plurality of flexible anchor members to
cause them to disengage from the inner wall of
the vein and to deflect into a substantially
aligned position oriented substantially
longitudinally to the direction of removal and
positioned in sufficient proximity to allow

the outer shield to pass over them.

12. The method of claim 11, wherein the step of

withdrawing the filter into the outer shield includes the

steps of:
a. contacting the plurality of shaped filter
elements with the outer shield;
b. holding the outer shield in position; and
c. retracting the fastening device such that the

plurality of shaped {filter elements are
withdrawn from contact with the inner wvein
wall and are forced into a deflected
relationship, wherein they are longitudinally
positioned with respect to each other such
that the outer shield can pass over them as

the filter is withdrawn into the outer shield.
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13. An improved recoverable thrombosis filter

comprising: -

a. a filtering portion having a plurality of
shaped filter elements, each of said plurality
of shaped filter elements having a joining end
and an inner vein wall engaging end;

b. a positioning portion having a plurality of
shaped flexible anchor members, each of said
plurality of shaped flexible anchor members
having a mounting end and a holding end to
engage an inner vein wall to impede motion in
a first direction;

c. a joining member intermediate said filtering
portion and said positioning portion, said
joining member having a first end coupled to
said joining end of each of said plurality of
shaped filter elements and having a coupling
portion;

d. a mounting member retained by said coupling
portion, said mounting member coupled to said
mounting end of each of said plurality of
shaped flexible anchor members; and

e. a fastening device coupled to said mounting
member,

whereby said plurality of shaped flexible anchor members

are collapsed from holding contact with the inner vein
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wall when pressure is applied to said fastening device to
thereby allow encapsulation of the thrombosis filter for

removal.

14. A filter as in claim 13, wherein said coupling
portion includes:
a longitudinal cavity, and said mounting member is

slidably retained in said longitudinal cavity.

15. A filter as in claim 14, wherein said fastening

device includes:

a. a mandrel having a first end affixed to said
first end of said joining member, said mandrel
passing through said mounting member, and said
mandrel having a second end; and

b. a hooking element coupled to said second end

of said mandrel.

16. A filter as in claim 15, wherein said fastening
device includes a pressure device including:
a. an elongated tube coaxially positioned on said
mandrel, said elongated tube having a first
end affixed to said mounting member and a
second end; and
b. a pressure member mounted at said second end

of said elongated tube,
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whereby pressure applied to said pressure member while
holding said hookiné element causes said mountihg member
to slide in said longitudinal cavity to cause said
coupling portion to deflect said plurality of shaped
flexible anchor members into substantially parallel

alignment.

17. A filter as in claim 13, wherein each of said
plurality of shaped flexible anchor members has a first
portion coupled to said holding end, said first portion
having a first predetermined cross-section, and a second
portion coupled to said holding end and having a second
predetermined cross-section smaller than said £first

predetermined cross-section.

18. A filter as in claim 17, wherein each of said
plurality of shaped flexible anchor members is fabricated
from a class of elastic materxrials including nitinol,

stainless steel, platinum, tungsten, and chromium alloys.

19. A filter as in claim 18, wherein each of said
plurality of shaped flexible anchor members is comprised

of super elastic ribbon wire.
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20. A filter as in claim 17, wherein said holding
end of each of said plurality of shaped flexible anchor
members includes a curved flattened portion to achieve a
predetermined desired flexibility greater than the
flexibility of the associated one of said plurality of
shaped flexible anchor members, said curved flattened
portion including an outwardly extending projection
having a lengﬁh sufficient to engage an associated inner

vein wall without piercing the vein wall.

21. A filter as in claim 13, wherein each of said

plurality of shaped filter elements includes:

a. a serpentine shaped section having a first
cross-section dimension, a first end formed
with said joining end, and a lower end;

b. a lower member having a second cross-section
dimension less than said first cross-section
dimension, an upper end coupled to said lower
end of said serpentine shaped section, and a
bottom end; and

c. a curved flattened portion to achieve a
predetermined desired flexibility, said cuxrved
flattened portion coupled to said bottom end
and including an outwardly extending

prdjection having a 1length sufficient to
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engage an associated inner vein wall without

piercing.the vein wall.

22. A filter as in claim 13, wherein each of said

plurality of shaped filter elements inciudes:

a. a spiral shaped section having a first end
coupled to said joining member and having a
second end;

b. a lower member having a third end coupled to
said second end of said spiral shaped section
and having a fourth end; and

c. a curved flattened portion to achieve a
desired flexibility, said curved flattened
portion coupled to said fourth end and
including an outwardly extending projection
having a length sufficient to engage an
associated inner vein wall without piexcing

the vein wall.

23. A filter as in claim 13, wherein said first end
of said joining member is formed as a frustum to minimize

turbulence of blood passing thereover.

24. A filter as in claim 13, wherein said coupling
portion includes a longitudinal cavity having a leading

end and a trailing end, and said mounting member is
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fixedly positioned within said longitudinal cavity
adjacent to said first end of said joining member,
thereby closing said trailing end of said longitudinal
cavity; and a closure member affixed to said leading end

of said longitudinal cavity.

25. A filter as in claim 24, wherein said mounting
end of each of said plurality of shaped flexible anchor
members pass through said closure member, and wherein
said fastening device includes a mandrel passing through
said closure member, said mandrel having a first end
affixed to said mounting member, and having a second end;
and a hooking device coupled to said second end of said

mandrel.

26. An improved recoverable filter comprising:

a. thrombosis filtering means to be deployed in a
first direction for filtering and retaining
thrombosis materials moving in a second
direction;

b. holding means for holding an associated inner
lumen wall and for restricting movement in
said second direction;

c. joining means- for Jjoining said thrombosis

filtering means to said holding means; and
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d. retracting means for retracting said holding
means and said thrombosis filtering means in
response to externally applied pressure for

allowing removal in said second direction.

27. A filter as in «claim 26, wherein said
thrombosis filtering means are arranged around a
longitudinal axis and includes a plurality of shaped
thrombosis filter means deployed outwardly about said
longitudinal axis and extending generally in a first
direction and arranged for retaining thrombosis materials

traveling in a second direction.

28. A filter as in claim 27, wherein said holding

means includes:

a. a plurality of positioning means, each having
first end means coupled to said plurality of
shaped thrombosis filter means and deployed
about said longitudinal axis and extending
generally in said second direction, and having
a second end; and

b. a plurality of engaging means, each of said
plurality of engaging means coupled to said
second end of an associated one of said
plurality of positioning meansf and arranged

for engaging an associated inner lumen wall
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for restricting wmovement in said second

direction.

29. A filter as in claim 28, wherein said
retracting means includes:
collapsing means for collapsing said plurality of

positioning means in said second direction.

30. A filter as 1in c¢laim 29, wherein said

retracting means further includes:

a. holding means for holding said plurality of
positioning means steady in a longitudinal
direction; and

b. forcing means for forcing said plurality of
positioning means into a substantially
parallel alignment with said plurality of
engaging means directed in said second

direction.

31. A filter as in claim 30, wherein said
retracting means further includes:

enclosing means for enclosing said plurality of
positioning means and said pluralitfy of shaped thrombosis

filter means for removal in said second direction.
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32. A filter as in <claim 28, wherein said
retracting means includes:
deflection means for deflecting said plurality of

positioning means in said first direction.

33. A filter as in «c¢laim 32, wherein said

retracting means includes:

a. holding means for holding said plurality of
positioning means steady in a longitudinal
direction; and

b. bending means for bending said plurality of
positioning means into a substantial parallel
alignment with said plurality of engaging

means directed in said first direction.

34. A filter as in claim 33, wherein said
retracting means further includes:

enclosing means for enclosing said plurality of
positioning means and said plurality of shaped thrombosis

filter means for removal in said second direction.

35. A recoverable filter, comprising:

a filtering array; and

a plurality of anchoring struts having proximal and
digtal ends, the struts connected to the filtering array

proximate their proximal ends, the distal ends of the
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struts having a pad portion and a sharp projecting
portion, the pad portion projecting distally beyond the
sharp projecting portion and including a region of

distally increasing flexibility.

36. The recoverable filter in accordance with claim
35, wherein the region of increasing flexibility is

disposed distally of the sharp projecting portion.

37. The recoverable filter in accordance with claim
35, wherein the pad portion has a thickness, and the
thickness decreases distally in the region of distally

decreasing flexibility.

38. A recoverable filter in accordance with claim
35, wherein at least a portion of the strut between
struts proximal and distal ends is ribboned shaped,

having a width and a thickness wherein the thickness is

less than the width.

39. A recoverable filter in accordance with claim
35, wherein the sharp projecting portion is between about

2 to 6 millimeters in length.
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40. A recoverable filter in accordance with claim
35, wherein the pad portion is between 4 to 20

millimeters in length.

41. A recoverable filter in accordance with claim
40, wherein the pad portion is between 10 to 20

millimeters in length.

42. A vessel filter having an axis extending in a
first direction and a second direction opposite the first
direction, the filter comprising:

a plurality of struts, each having a first end and
second end, the first ends being coupled at a hub, the
struts being disposed in a first position extending from
the hub generally in the first direction and generally
diverging from the axis to the second ends; and

a releasable tether connection connected to the
filter and disposed in the first direction relative to

the hub.

43. A vessel filter in accordance with claim 42,

wherein the tether connection is connected to the hub.

44. A vessel filter in accordance with claim 42,
wherein the tether connection is connected to means for

collapsing the struts toward the axis.
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45. A vessel filter in accordance with claim 42,
wherein the tether connection is connected to a
retraction member which is disposed for engagement with
the struts such that the struts can be moved from the
first position to a second collapsed position proximate

the axis.

46. A vessel filter in accordance with claim 45,
wherein the retraction member includes a plurality of
loops, each loop extending in the second direction and
looping at 1least one strut such that as the tether
connection is moved in the first direction, the loops
move from a loop first position to a loop second position
wherein the loops engage the struts, moving the struts
from the first position to the second position proximate

the axis.

47. A vessel filter in accordance with claim 42,

wherein the tether connection includes a hook.

48. A vessel filter in accordance with claim 42,
wherein the second ends are sharp for piercing the vessel

wall.

49. A vessel filter in accordance with claim 42,

wherein the second ends are barbed.
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50. A vessel filter in accordance with claim 42,
further comprising an elongate connector connecting the

tether connector to the hub.

51. A vessel filter in accordance with claim 50,

wherein the elongate connector is telescoping.

52. A method of removing a vessel filter from a
vessel, the method comprising the steps of:

providing a filter having an axis extending in a
first direction and a second direction opposite the first
direction, a plurality of struts each strut having a
first end and a second end, the first ends being coupled
at a hub, the struts being disposed in a first position
extending from the hub generally in the first direction
and generally diverging from the axis to the second ends;
a releasable tether connection connected to the filter
and disposed in the first direction relative to the hub;

connecting a removal tether to the tether
connection;

collapsing the struts to a second position proximate
the axis; and

withdrawing the filter into a catheter disposed

within the vessel.
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